Introduction
Tuberculosis (TB), an infectious deadly disease caused by the bacillus Mycobacterium tuberculosis, is a growing international health concern since it is responsible for the death of about 3 million people per year worldwide. [1] [2] [3] [4] [5] [6] [7] [8] Isonicotinic hydrazide (INH, isoniazid), first synthesized by Meyer and Mally in 1912, 3 has been used since the 1950s as a first-line antituberculosis drug, characterized by an outstanding minimal inhibitory concentration in the human body [(0.1 to 0.17) mol · dm -3 ] and having a high specificity toward Mycobacterium tuberculosis. However, this drug is often administered together with other ones, as currently recommended by international guidelines, [1] [2] [3] [4] [5] [6] [7] [8] once tuberculosis is still resistant, regardless of the existence of multiple classes of antibiotics. For example, from research studies of factors associated with the increasing incidence of this disease in England, 7 one can conclude that the proportion of cases coinfected with the human immunodeficiency virus (HIV) has increased, migration being the main reason that explains most of the recent trends in tuberculosis in this country. Thus, the global health problems of TB (that is, the increasing rate of prevalence of multidrug resistance (MDR) on this infectious deadly disease) and the high rate of coinfection with persons suffering from the human immunodeficiency virus (HIV) 7, 8 have greatly contributed to the need of developing new, affordable, anti-TB drugs without cross-resistance with known antimycobacterial agents.
Taking into account these facts, we can say that the properties and behavior of such chemical systems are poorly known, even though this is a prerequisite to obtain an adequate understanding and solve these problems of health. In fact, few have taken into account the transport behavior of these isoniazid systems in aqueous solutions. 9, 10 In particular, diffusion coefficients provide a direct measure of molecular mobility, an important factor in the preservation of biological materials in different matrices. Thus, this has provided the impetus for the present study of the diffusion of isoniazid in aqueous solutions. No data on mutual diffusion coefficients of isonioazid are available, namely, at (298.15 and 312.15) Ksrelevant data for in vivo pharmaceutical applicationsas far as careful literature searches have shown. This paper reports experimental data for mutual diffusion (interdiffusion) coefficients D, measured by the Taylor dispersion method, for aqueous solutions of isoniazid at concentrations from (0.00 to 0.10) mol · dm -3 and at temperatures (298.15 and 312.15) K. From our results, it is possible to estimate the behavior of the diffusion of this drug in solution and other important parameters such as the hydrodynamic radius. In addition, the Hartley equation [9] [10] [11] [12] [13] [14] and the measured diffusion coefficients are used to estimate activity coefficients for aqueous isoniazid, contributing this way to a better understanding of their thermodynamic behavior in aqueous solution at different concentrations.
Experimental Section
Materials. Isoniazid (Sigma, pro analysi > 99 %) was used as received. The solutions for the diffusion measurements were prepared in calibrated volumetric flasks using bidistilled water. The solutions were freshly prepared and deaerated for about 30 min before each set of runs. The uncertainty on their compositions was usually within ( 0.1 %.
Procedure. The theory of the Taylor dispersion technique is well described in the literature, [15] [16] [17] [18] [19] and so we only indicate some relevant points on the experimental determination of binary diffusion coefficients, D.
The above method is based on the dispersion of small amounts of solution injected into laminar carrier streams of solvent or solution of different composition, flowing through a long capillary tube. [15] [16] [17] [18] [19] For the measurement carried on in Coimbra, the length of the Teflon dispersion tube used in the present study was measured directly by stretching the tube in a large hall and using two high quality theodolytes and appropriate mirrors to accurately focus on the tube ends. This technique gave a tube length of 3.2799 (( 0.0001) · 10 4 mm, in agreement with less-precise control measurements using a good-quality measuring tape. The radius of the tube, 0.5570 (( 0.0003) mm, was then calculated from the tube volume obtained by accurately weighing (resolution 0.1 mg) the tube when empty and when filled with distilled water of known density. At the start of each run, a 6-port Teflon injection valve (Rheodyne, model 5020) was used to introduce 0.063 mL of solution into the laminar carrier stream of slightly different composition. A flow rate of 0.17 mL · min For the measurements carried out at Federico II University of Naples, the system was formed by a 20 m capillary tube with an inner radius of 0.4020 (( 0.0001) mm connected to a metering pump Watson Marlow 403U/VM2 set at the flowing rate of 0.5 mL · min -1 , and the differential refractometer was Knauer K2301. The capillary tube was inserted into a thermostated water bath, while the entire apparatus was once more thermostated by an air bath. Also, equipment was kept at (298.15 and 303.15) K (( 0.01 K).
Dispersion of the injected samples was monitored using a differential refractometer (Waters model 2410) at the outlet of the dispersion tube. Detector voltages, V(t), were measured at accurately 5 s intervals with a digital voltmeter (Agilent 34401 A) with an IEEE interface. Binary diffusion coefficients were evaluated by fitting the dispersion equation
to the detector voltages. The additional fitting parameters were the mean sample retention time t R , peak height V max , baseline voltage V 0 , and baseline slope V 1 .
Results and Discussion
The Taylor dispersion equipment was used to measure diffusion coefficients for aqueous solutions of isoniazid at (298.15 and 312.15) K and at concentrations from (0.00 to 0.10) mol · dm -3 . Table 1 gives the average D value for each carrier solution determined from four profiles, generated by injecting samples that were more or less concentrated than the carrier solution (uncertainties of (1 to 2) %).
The concentration dependence of the measured diffusion coefficients is accurately represented (standard deviation < 1 %) by the linear equation
where D 0 is the diffusion coefficient at infinitesimal concentration. The least-squares values of D 0 and parameter A are listed in Table 2 .
Also, the concentration dependence of the mutual diffusion coefficient for dilute solutions of nonionic solutes can be given by Hartley's equation 
we obtain
for the predicted concentration dependence of the mutual diffusion coefficient of dilute solutions. The activity coefficients can be estimated from the concentration dependence of D using d(D/D 0 )/dc ) B, eq 5 and eq 4 ( Tables 2 and 3) . From the decrease observed in the experimental values of this parameter (Table 3) , it can be followed that the solute-solute interactions are favored with respect to the solute-solvent ones in this range of concentrations for both temperatures. Those interactions, which can result in the aggregate stabilization, are, however, enhanced for physiological temperature, despite the thermal motion. From that fact, we can assume that the presence of eventual aggregates in those solutions affects mainly the thermodynamic behavior of this drug and less the diffusion behavior. For one possible explanation, we should consider that D is a product of both kinetic (molar mobility coefficient of a diffusing substance, U m ) and thermodynamic factors (c∂µ/∂c, where µ represents the chemical potential). Consequently, two different effects can control the diffusion process: the ionic mobility and the gradient of the free energy. These effects can contribute to the diffusion coefficients in an opposite way, and consequently, from the final balance, one slight alteration of diffusion coefficients with concentration is found. Hydrodynamic Radius of Isoniazid. The hydrodynamic radius of isoniazid can be estimated from the Stokes-Einstein equation 9 (eq 6)
where k B and η 0 are Boltzmann's constant and the viscosity of pure water at temperature T, respectively. 21 The values of D 0 η 0 /T and the effective hydrodynamic radius a for (298.15 and 310.15) K are given in Table 4 . Their variations are, in general, relatively small, 6 %, which is slightly higher than the imprecision of the diffusion measurements.
Conclusion
From the data on binary diffusion measurements, we may conclude that for the studied concentration range the diffusion coefficient is almost constant (∆D e 2 %), in contrast with the decrease in the values found for the estimated activity coefficients, mainly at physiological temperature. This leads us to assume the presence of eventual aggregates in those solutions. Diffusion coefficients measured for aqueous solutions of isoniazid provide transport data necessary to model the diffusion for various chemical and pharmaceutical applications. 
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